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REMARKS 

Reconsideration of the application is requested in view of the Amendments to the 
claims and the remarks presented herein. 

The claims in the application are claims 1 to 6, 14, 15, 22, 24 and 25, all other 
claims being cancelled. Cancellation of claim 23 obviates the rejection thereof and claim 
14 has been amended as suggested by the Examiner to obviate the rejection thereof. 

All the claims were rejected under 35 U.S.C. 1 12, first paragraph as being based 
on a non-enabling specification for treatment of the disorders recited therein, namely 
treating disorders of central or peripheral nervous systems. The Examiner states there is 
no correlation between monoamine oxidases and lipidic peroxidation and modulating 
activity vis-a-vis sodium channels for any disorders, much less those recited in the 
claims. 

Applicants respectfully traverse this ground of rejection since it is believed that 
the specification is enabling for the claimed methods. On pages 171 to 173 there is test 
data showing inhibitory activity on the bond of a specific ligand of ABO-B[ 3 A] Ro 19- 
637 and tests on the cerebral sodium channels. Applicants are submitting herewith an 
abstract of a Stoll et al. article [Life Sci., 1994, 55(25-26): 2155-63] showing that 
inhibition of MAO-B is useful for the treatment of Alzheimer and Parkinson's diseases. 
Also enclosed is an article by Beal [Neuro scientist, Vol 3, No. 1, 1997, p. 21 to 27] 
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showing that lipid peroxidation is useful for the treatment of Alzheimer's disease, 
Parkinson's disease, Huntington's disease, ALS and cerebral degeneration. 

The following specific compounds are within the scope of claims 1 and 22. 

Example 23 : 2-[3,5-bis(l , 1 -dimethylethyl)-4-hydroxyphenyl]-4-oxazoleethanol: 

example 26 : 2,6-ditert-butyl-4-(4-{2-[methyl(2-propynyl)amino]ethyl}-l ,3- 
oxazol-2-yl)phenol : 

example 27 : [{2-[2-(3,5-ditert-butyl-4-hydroxyphenyl)-l,3-oxazol-4- 
yljethyl } (methyl)amino]acetonitrile: 

example 28 : 3-[{2[{2-{2-(3,5-ditert-butyl-4-hydroxyphenyl)-l,3-oxazol-4- 
yl]ethyl}(methyl)amino]propanenitrile: 

example 29 : 2,6-ditert-butyl-4-{4-[2-(l^ 
hydrochloride: 

example 319 : 2,6-di^r/-butyl-4-[4-(hydroxymethyl)- 1 ,3-thiazol-2-yl]phenol 
example 346 : 2,6-ditert-butyl-4-{4-[(methylamino)methyl]-l ,3-thiazol-2- 
yl} phenol hydrochloride. 

The test data in the application clearly is enabling for the scope of the present 

claims. 

- Compounds 26 to 29 have an inhibitory activity of the monoamine oxydases 
activity (MAO-B) as they show an IC 5 o lower than 10 \M (page 171), lines 27 
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to 28 of the English translation). Now it's known that MAO-B is involved in 
particular pathologies as disorders of the central or peripheral nervous systems 
such as for example neurological diseases where Parkinson's disease, cerebral 
or spinal cord traumatisms, cerebral infraction, sub arachnoid haemorrhage, 
epilepsy, ageing, senile dementia, Alzheimer's disease, Huntington's chorea, 
amyotrophic lateral sclerosis, peripheral neuropathies, pain can in particular 
be mentioned as noted in the above cited art. 

Compounds 23, 26 to 29 have an inhibitory activity of the lipidic peroxidation 
as they show an IC50 lower than 10 |iM (pages 172, lines 19 to 21 of the 
English text). This inhibitory activity of compounds 23, 26 to 29 is 
determined by measuring their effects on the degree of lipidic peroxidation, 
determined by the concentration of malondialdehyde (MDA). The MDA 
produced by peroxidation of unsaturated fatty acids is a good indication of 
lipidic peroxidation (H Esterbauer and KH Cheeseman, Meth. Enzymol 
(1990) 186: 407-421). The inhibition of the lipidic peroxidation indicates that 
Applicants'compounds have anti-oxidative properties. The advantage of the 
anti-oxidative properties are well understood in Parkinson's disease: in this 
pathology, the degradation of loss of the dopaminergic neuron is due to an 
oxidizing stress due to the reactive oxygen sepcies (page 2, lines 9 to 12 of the 
English text); 
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- Compounds 26, 28 and 29 act as modulators of the sodium channels and show 
an IC 50 lower than 3,5 \M (page 173, lines 25 to 27 of the English 
translation). The test consists in measuring the interaction of the compounds 
vis-a-vis the bond of tritiated batrachotoxin on the volatge dependent sodium 
channels according to the protocol described by Brown (J. Neurosci. (1986), 
6, 2064-2070). The character of the modulator of the sodium channels is very 
useful for therapeutic indications such as the treatment or prevention of pain. 

Therefore, it is deemed that the claims are based on an enabling disclosure and 
withdrawal of this ground of rejection is requested. 

With respect to the obviousness double-patenting rejection, Applicants are 
submitting herewith a terminal disclaimer with respect to application Serial No. 
10/681,002 and PTO form 2038 for the disclaimer fee there obviating this ground of 
rejection. 

In view of the amendments to the claims and the above remarks, it is 
believed that the claims clearly point out Applicants'patentable contribution. Therefore, 
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favorable reconsideration of the application is requested. 



Restpectfiilly submitted, 
Hedman and Costigan 



Charles A. Muserlian #19 
Attorney for Applicants 
Tel. 212 302 8989 
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Oxidative Damage in Neurodegenerative 
Diseases 

M.FUNTBEAL 

Neurology S&vho . 
Massachusetts Qenemi Hwp&af 
Boston, Massachusetts ' 

Increasing evidence has Implicated oxidative damage In the pathogenesis tftwm faw^ disease^ 
The major source of free radlceJs In the cell to the mitochondria. PeroxynitrltenTroln^ by the reaction of 
superoxide with nitric oxide, and ft produces bath oxidative damage and protein nitration. Mutations in CuZn 
superoxide dlsmutase associated with familial ALS may result in increased -* radical proration or h 
Increased reactivity with peroxynitrtte to nitrate proteins. There Is evidence f "!j^^g^^^- 
in Alzheimer's disease and Parkinson's dieease in neurons undergoing neurode^nerati^ cnangeB Arue 
™dZe damage w PartdH^T s^iieloxIcfty and In Huntington's dfeeaee Is J 
animal models. Improved antioxidant therapies may prove useful in slowing or halting the progression ot 
neurodegenerative diseases. NEUROSCIENTIST 351-27, 1997 

KEY WORDS Free radicals. Peraxynltrlte. Ateft&Ansr'a, Pattinson's, Huntington* Amyotrophic teem/ sddrosTs 



The terra "neurodegenerative diseases" implies mat 
there is no exact knowledge of the cause or pathogenesis 
of these diseases. The neurodegenerative diseases ate ex- 
emplified by Alzheimer's disease, Paridnsoii's disease, 
Huntington's "TSteBflseT amyotrophic lateral rck""*" " 
CSglTand cere bellar degsneranongr rha neuropatho- 
logical features of these illnesses tend to be symmetrical 
and involve degeneration of circumscribed groups of 
neurons that may be functionally or neucoanatomically 
connected. Typically, the pflfliological process Is one of 
alow involution of cell bodies and processes that may be 
disrupted by cytoskeletal abnormalities, wuhout any in- 
tense inflammatory reaction. 

The etiology of mess illnesses is under mtt^e inves- 
tigation. Major advances have been spurted by molec- 
u lar bio'logy, which has led to the identification of genea 
associated with familial forms of several neurodegener- 
ative diseases, ft is, however, unclear how the genetic 
defects contribute to neuronal degeneration. Much inter- 
est has focused on oxidative damage as a potential con- 
tributor to the pathogenesis of these .illnesses. 

Oxidative Damage 

All aerobic organisms ere continually exposed to oxi- 
dative street Oxidation and reduction reactions involve 
the transfer of electrons, which can lead to the genera- 
tion of free radica ls, A free radical is any species that 

AL8 Association owl HH Qtflftte N316367, MO AOOJ134, NS31S79, 
P01 AG1 1337. N332365 and Ml" AG1 2992. 

Addrena reprint requeato to: M. Flint Beal, M,D„ Neurology Ser- 
vlcc/WBK 408, MessftchuMttn Qenetnl Hbapltol. 33 Fruit Street, Bos- 
ton, MA 03114. 



contains one or more unpaired electrons (1). Examples 
of free radicals are superoxide (CV>, hydroxyl C 0 "-), and 
nitric oxide (NO*) (Fig. L). Most free radicals are unsta- 
ble reactive species that can extract an electron from 
neighboring molecules to complete their own orbital. 
This leads to ojddadca of neighboring molecules. A va- 
riety of critical biological molecules, including DKA, 
cellular proteins, and membrane lipids, are subject to 
oxidative damage. Tie reaction of fire radicals with b'p- 
ids can Initiate chain reactions leajug to lipid peroxi^ 
dati on, 

^"Tne key mediators of oxidative damage in vivo are 
debated. The most reactive oxygen species is OH, which 
reacts at near, diffusion-limited rates within s few ang- 
stroms off the site where it is produced. Much Interest 
has focused on the hydroxyl radical as the prime medi- 
ator of cell damage. In contrast, smiennrida can cross 
membranes and may be able to act at a distance; haw- 
over, it is much less reactive than die hydroxyl radical. 
It is capable of inscttvanng some enzymes containing 
Iron-sulfur clusters,, including aconttasa, 6-phosphn glu- 
conate dehydratase, branched chain amino acid dehydra- 
tases, and complex I of the electron transport chain (2), 
Superoxide radical is normally converted by superox- 
ide dismutase (SOD) to H a 0». This is an important phys- 
iological antioxidant mechanism. HjQ* crosses cell 
membranes and can inactivate a few cell enzymes. How- 
ever, HA reacts with transition metala to genamte hy- 
droxyl radicals. Iron or copper have loosely bound elec- 
trons that can accept and donate electrons and, thereby, 
promote redox reactions. Fenton-type reactions occur 
when Fe 3 * donates an electron to H^Oa to rbnn the 
highly reactive hydroxyl radical. One source of tee irori 
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0 2 ^ o 2 - ^LliPz OH +OH-— 2HjO 

HjOj + Oa 
Off + 0H>Fe^ 



0 2 +O a +2H f 



SOD 



0 2 *+N0' — ONOCT OtT + N0 2 ' 

Fig. 1. Examples or free radicals found under physiological 
conditions. 



Is the Oj reaction with imn^ulfbr clusters, which leads 
to oxidation of Fa** to Fe 3 +. The oxidized cluster then 
loses Fe*+ because Fe*+ is more tightly bound to the 
sulfide Uganda dun Fe" (2). The site ^ecificity of ox- 
idative damage to DNA and proteins is thought to result 
from site-specific iron-binding properties of these mac- 
romolecules. Oxidation reactions are, therefore, influ- 
enced by the regional concentrations of transition metals. 
The conversion of iron from its oxidised (Fe 5 *) to its 
reduced (Fc l+ ) state promotes the formation of a cascade 
of free radicals. Iron in the cell is usually bound to trans- 
ferrin or ferritin, which maintain it in a no etc active state. 

Another compound of recent interest Is peroxynitrite. 
The interaction of NO with superoxide radical leads to 
the formation of peroxyni trite (0N0O~) (3). This reac- 
tion occurs at an extremely fast sate of 6.7 X 10 v M _J 
S-\ which is threefold faster than the rate of diamutation 
of superoxide by SOD. Therefore, it depends on the con- 
centrations of superoxide and NO in the cell. Both su- 
peroxide and NO can be produced by nitric oxide syn- 
thase (NOS) (4). Peroxynitrite itself is a nighty 'reactive 
oxidizing agent that can cause tissue damage by an active 
intermediate mat acts like an OH" radical The formation 
of peroxynitrite does not require transition metals (5). At 
physiological pH, peroxynitrite may be able to diffuse 
over several cell diameters to produce cell damage by 
oxidizing lipids, proteins, and DNA. Recent work has 
shown that activated macrophages produce pemxynirrite 
(6). Peroxynitrite can react with CuZnSOD to form m- 
tronium ion, which then nitrates tyrosine residues (7). 
Therefore, SOD may be p r ote cti ve by scavenging super- 
oxide before it reacts with NO to form peioxymthte. 

Some mechanisms serve to limit free radical produc- 
tion, and oxidative stress, including the localization of 
oxidative phosphorylation to mitochondria, where there 
are abundant free radical scavenging mechanisms. Also, 
several antioxidant enzymes, including SOD, produce 
HiOj, which is then eliminated by either enrol ase or glu- 
tathione peroxidase. Some cellular antioxidant mole- 
cules, such as tipha- tocopherol (vitamin E), escort ale, 
and glutathione can react directly with free radicals and 
spare other critical intracellular molecules. Normally, 
there is an equilibrium between dee radical formation 



end antioxidant defense mechanisms. An imbalance 
loads to oxidative stress. 

The two major intracellular sources of free radicals 
are prostaglandin synthesis and mitochondria. The syn- 
thesis of prostaglandins and leukntrienes is accom- 
plished by peroxidase and lipoxygenase enzymes. These 
enzymes can abstract electrons from NADH or NADPH- 
The resultant radical forma of the nucleotides can then 
be oxidized by molecular oxygen to produce superoxide. 
Another source of tree radicals is the endoplasmic retic- 
ulum, in which the reduced form of NADPH cytochrome 
P450 reductase leaks electrons to molecular oxygen to- 
produce superoxide (8). 

Isolated mitochondria m state 4 generate 0.6-1 ,0 nmol 
of HjOjAnin per milligram of protein (9), which is es- 
timated to account for 2% of the oxygen uptake under 
physiological conditions. The production Of superoxide 
is estimated to be 2-3 nmol of O a ~Atiiu per milligram 
of protein. The mitochondria, therefore, are the most im- 
portant physiological source of 0,* in animal cells. Sim- 
ilarly, in Escherichia coli % the majority of Qj" Is pro- 
duced by the respiratory chain, with an estimate of 3 
0^710,000 electrons transferred (10). An elegant 
damcmstntian of the importance of the electron transport 
chain in free radical generatiou was obtained In yeast 
deficient in msnganese-SOD (1 I). Yeast with a complete 
absence of electron transport grew normally in hyper- 
axia, whereas those with an mtaot electron transport 
chain showed deficient growth. The main sites at which 
superoxide is formed are ubiquinone and NADH deny* 
drogenase. Electrons are transferred one at a time to 
semiubiquinone, an obligate mtermediarc for election 
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Flo. a. Mitochondria are a major source of cellular free radi- 
cate. Impaired mitochondrial function leads to Impaired cellular 
Ce«* buffeflno and secondary activation of voltage-dependent 
NM0A receptors. This oen, In turn, lead to further Influxes of 
Ca*», which are buffered In mRcchondrla, leading to Increased 
production of O tt \ Increased Ca** ectlvstss neuronal" NO syn- 
thase. NO* no acta wfth O a " to generate ONOO". which can re- 
suit In both protein nitration, as well so oxidative damage to 
DMA, protehs, and lipids. 
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Fig. ** a-4-prldyW-oxld&-N-tBrt*utyUnttronaand 2-ouifc- 
aphenyt-N-tartrbiayl-nllroneBfa typical spin trap conipountts 
that react with fras radicals to make more etabte adduois. 

transfer (12). The observations dint antimycin (a com- 
plex m Inhibitor) increases mitochondrial H A produc- 
tion with both succinate and NADH-liaked substrates 
but rotenone inhibits production with N ADH-Unked sub- 
strates provide evidence fevering ubiquinone as a site of 
flee radical generation, (13, 14). The effect of anHmycm 
is thought to reflect reduction of cytochrome b, which 
then leads to increased generation of semiuWquinnne. 
Furthermore* depletion of ubiouinoaa from mitochondria 
results in a decrease in HA generation. It has been sag- 
geared that reconHtitution of ublquinone-depleted mito- 
chondria with ubiquinone restores their ability to generate 
HA 05). However, mis remains amtroversial, and Nohl 
and Jordan (16) believe that cytochrome b, rather than 
semiubiquinone, is mo source of superoxide (16). 

Another source of free radicals is NADH de3ry*o|- - 
enase (17, 18). The ruodufcticm of superoxide from NADH 
dehydiogenase ia thought to involve autroxidation of the 
NADH dehydrogenase flavoprotein (19) or of the iron- 
sulfur clusters (17). Production of superoxide at this site 
ts stimulated by TOtemone and inhibited by p-hydroxy- 
mercuribenzoate (19). Superoxide production by rJAD** 
dehydrogenase is about 50% of that produced by ubtqui- 
> OU 



ExcBKottOKicity and OKldattyD Stress. 
Exoitatoxicity refers to neuronal death caused by acti- 
vation of excitatory amino acid receptors (Fig. 2). Slow 
or weak excitataxtcUy is postulated to result from de- 
fects in production of ATP, which may lead to partial 
neuronal depolarizntion, followed by activation of volt- 
age-dependent N-memyl-D-asparate (NMDA) receptors 
by ambient glutamate concentrations (20). This, in turn, 
leads to an Mux of calcium, which is sequestered into 
mitochondria. Mitochondrial calcium accumulation con- 
tributes to- free radical generation. Exposure of mito- 
chondria to Ca 1 * concentrations similar to those occur- 
ring after exposure of neurons to excho toxins (2.5 uM) 
leads to mitochondrial generation of hydroxyl and car- 
bon-centered radicals (21). Recent in vitro studies di- 
rectly linked glutamate-induced increases tn cellular 
calcium to mitochondrial free radical generation. Tree 
radical generation was demonstrated using several re- 
dnx-senaitive dyes, including dihydroihodamine, ci- 
(mloromioTOScem, and dihydroethidine (22-24) . With 
the latter two dyes, a punctate pattern of fluorescence 



was seen, consistent with a localisation in mitochondria. 
Furthermore, a recently developed calcium-senartivu dye 
directly demonstrated that glutamate increases mitochon- 
drial calcium. 

The role of O a * radicals in exdtotoxic injury was stud- 
ied by examining effects on aconitase, a tricarboxylic 
acid cycle enzyme that contains iron-suiter clusters in- 
activated by Oi (25). Treatment of rat cortical cultures 
with NMDA. kainic acid (KA), or an SzUrccelluiar <V 
generator produced a selective and reversible insctiva- 
tion of aconitase mat closely correlated with subsequent 
cell death. A SOD mimetic blocked both taacuvation of 
aconitase and cell dsath produced by NMDA and KA. 

Markers (for Oxidative Da mags 
The assessment of the role of oxidative damage hi neu- 
rodegenerative diseases is challenging. Free radicals are 
extremely short-lived and conventionally detected by re- 
acting them with a m'trone-based spin trapping agent, 
which produces more stable adducta (Fig. 3). These can 
then be measured using electron paramagnetic reso- 
narftce. These techniques, however, are not feasible in 
humans. Although some studies have used these tech- 
niques with blood and poshnortem tissue samples, ft la 
not clear that they are reflective of ftee radical genera- 
tion in vivo. Novel spin traps, which ore Incorporated 
into membranes and show alterations in response to ox- 
idative damage to lipids and protein, have been devel- 
oped and used in studies of Alzheimer's dlseaBej26). 
The technirruea appear very promising, juumier potential 
means of assessing free radical production, in vivo is to 
use salicylate as a hydroxyl radical trapping compound 
Salicylate resells with hydroxyl radicals to generate two 
products. 2,3- and 2,S-o^ydxoxybenzoic acid. These can 
then be measured UBing high performance Hquid chro- 
matography (HPLC) with electrnchemical detection. 

In postmortem brain tissue, biochemical markers off 
oxidative damage to lipids, proteins,, ox DNA CTable 1) 
have to be measured, Malondlaldehyde is the most com- 
monly used marker of oxidative* damage to lipids. Con- 
ventional assays using the mtobarbituric acid reaction 
are hindered by interferences and artifacts. Improved as- 
says using HPLC or mass spectroscopy have now been 
developed (1). 4-Hyorcxynonenal is anottiet marker 01T 
lipid peroxidatiorL Cholesterol sad phospholipid hydro- 
peroxides can be measured byi sensitive assays using 
HPLC with crieniilummeMenc^ The most commonly 
used assay for oxidative damage to proteins is an assay 
for protein oarbonyla. Other markers that may prove use- 
ful are dityrosine and oxohistidine. 3-Kitrotyrosine is a 
marker for pexoxyniuite^diaited nitration of pro^ns 
(7). It appears to be a useful and) specific marker m vivo. 
Oxidative damage to DNA produces more than 20 base 
modmcaticms that can be detected by mass spectroscopy. 
The most frequent is 8-hydroxy-2^eoxygunnosine, 
which can be found in both tissues and body fluids using 
HPLC with elextroohemicsl detection (27). 
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Oxletat lve Damago Iro ALS 

The observation in 1993 that mutations in CuZaSOD 
(SOD1) are associated with some familial forms of ALS 
(PALS) suggested that the disease arises froai a pertur- 
bation In tree radical homeostasis. Although thess mu- 
tations result in reduced S0D1 activity in vitro, much 
evidence favors a novel gain of function, of the enzyme 
rather than a loss of functloo (28). First, no null muta- 
tions, which would reduce enzyme activity by prevent- 
ing protein expression, have been found. Second, the 
degree of reduction of SOD 1 activity does not correlate 
with either oge of onset or duration of disease. Lastly, 
mice that overexnresa high levels of mutant SOD I de- 
velop progressive motor neuron disease, despite normal 
or devoted S0D1 activity (29-31). 

The site of the mutations in the enzyme suggest that 
they may interfere with normal dimer tnrrnation or that 
they could disrupt zinc "binding. This could increase ac- 
cess of the active sits copper to either H^O, or 0ON0~. 
Recent in vUro studies showed that SOD with two dif- 
ferent PALS mutations generates increased hydro syl 
radicals (32). Similarly, in vitro studies show that SOD 
associated with FALS mutations produces increased 3- 
mtrotyrosine concentrations, as compared with native 
enzyme (3). 

We showed that protein carbonyl groups are increased 
in the motor cotta of sporadic ALS patienta (33). Shaw 
and colleagues (34) found increased protein carbonyl 
groups in the spinal cord of sporadic ALS patients. We 
recently measured concentrations of 3 -nrtro tyrosine and 
its major metabolite, 3-mtro^hydroxyphenyiaceUo acid, 
in the thoracic and lumber spinal cord of both sporadic 
ALS patienta and three FALS patients with S0D1 mu- 
tations. Increased concentrations of both 3-nitroryrosine 
and 3-rmm-4-hydio^yphenytecetic acid were found in 
both me sporadic and the familial ALS patients (35). We 
also examined whether them was evidence tor increased 
oxidative damage at the cellular level using antibodies 
to 3-nitrotyrosine, heme oxygenase and malondialde- 
hyde. Bom the sporadic and the familial ALS patients 
show increased staining in anterior horn motor neurone 

A valuable animal model of ALS has been developed 
by overexpresstag FALS S0D1 mutations in tranegonio 
mice. These mica develop progressive motor neuron dis- 
ease accompanied by microvaculoization of anterior 
horn cells, swelling audi distortion of mitochondria, and 
swelling of axons (29). We round increased concentra- 
tions of 3-nitrotyrosma, as well as increased 3-nftroty- 
rosine staining, ia the motor neurons of these mice (35). 
Furthermore, the anterior ham cells showed increased 
staining for both hemoxygenasM and rnalondi aldehyde, 

• These findings, therefore; provide strong evidence that 
oxidative damage plays a role in the pathogenesis of 
both sporadic ALS and in ALS associated with S0D1 
mutatioas. The finding of increased 3-nitrotyroaine in 
both patients with PALS SOD1 mutations, as well as in 
mice with SODl mutations, provides evidence that there 
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is increased reactivity with pejroxymtrite in vivo. This 
could directly contribute to the pathogenesis of the dis- 
ease by nitrating tyrosines and blocking the effects of 
neurotrophic factor-Induced tyrosine kinases (37), or by 
nitrating neurofilaments (3). The human neurofilament 
light chain has 10 tyrosines in the first 96 amino acids 
that are important for assembly and function of neuro- 
filament protein. Defective neurofilament assembly in 
transgenic mice leads to aggregates of neurofilaments 
and unpaired axonal transport associated with motor 
neuron degeneration (38). 

Oxidative Damacj© In A lshalme^o Diseas e 
There are several potential Bounces of oxidative damage 
in Ataehner's disease. P- Amyloid itself may be able to 
generate free radicals, and its toxicity to cultured neu- 
rons and to endothelial cells is blocked by antioxidants 
(39, 40). There is also evidence that 0-amyloid can stim- 
ulate inflammatory cells (microglia) to produce free rad- 
icals, including NO (41). The amyloid precursor protein 
can reduce Cu J * to Cu\ which can then contribute to 
oxidative damage by reaming with hydrogen peroxide to 
generate hydroxyi radicals (42). Down's syndrome pa- 
tients develop premature Alzheimer's disease, and cul- - 
tured Down's syndrome neurons show decreased sur- 
vival and increased free radical production (43). Lastly, 
substantial evidence exists for a detect in cytochrome 
oxidase in Alzheimer's disease. A cytochrome oxidase 
defect can be transferred from Alzheimer's disease plate- 
lets to rrun>chono^ardeficient cell lines, which then show 
increased free radical production (44). 

Substantial widened for increased oxidative damage 
in Alzheuner'8 disease exists from studies of postmor- 
tem brain tissue, There are consistent increases in lipid 
peroxidation as assessed by increases in malondi alde- 
hyde conceatrations. An increase in protein carbonyl 
groups was shown relative to young controls. Studies 
using novel spin trapprng-techmanee showed oxidative 
damage to both lipids and protein (26). We showed a 
50% increase in 8-hydroxy-2^oxyguanosine concen- 
trations in nuclear DNA and a threefold increase In mi- 
tochondrial DNA in Alzheimer's disease cerebral cortex 
(27). 

Recent studies looked for evidence of oxidative dam- 
age at the cellular level. Both neurofibrillary tangles 
and senile plaques stain with antibodies to SOD or cat- 
atose (45, 46). Antibodies to advanced gjyoation end 
products stain neurofibrillary tangle bearing neurons 
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(47, 48). These neurons also ahow staining with anti- 
bodies to matondialdehyde and bjemoxygenaae-1 (47-49). 
Hemoxygenasc-1 is induced by oxidative stress in cul- 
tured neurons and by traumatic brain injury in vivo. He- 
moxygenase-l mRNA Levels are increased in Alzhei- 
mer's disease postmortem brain tissue (50). Two distinct 
antibodies that recognize carbonytated neurofilaments la- 
bel Alzheimer's disease neurofibrillary tangles, neuropil 
threads and granulovacular degeneration (51). Further- 
more, antibodies to protein carbonyfa label neurofibril- 
lary ttttwgta bearing neurons (52). Wo found increased 
staining for hemoxygemase-l, nuUondialdehyde> and 3- 
nlttotyrosine fat neurofibrillary tangle bearing neurons. 

Oxtdnfhm Damage In Parfd nsgn's Diseas e 
Much interest Usb focused on the possibility that oxi- 
dative damage may play a role in the pathogenesis of 
Parkinson's disease. Mitochondrial complex 1 defects 
have been found in Parkinson's disease substantia nigra, 
muscle, and platelets. A recent study showed a decreased 
PCr/Pi ratio in Parldnson's disease muscle consistent 
with an energetic defect can now be made (53), 

Direct evidence for oxidative damage comes from two 
studies showing increased matondialdehyde in substantia 
nigra in Parkinson's disease. This was confirmed by a 
study showing increased cholesterol hydroperoxides m 
(he substantia nigra in Parkinson's disease. Furthermore, 
concentrations of 8-Kydroxy-2-deoxygoanosine were in- 
creased threefold to fourfold In Parkinson's disease cau- 
date and substantia nigra (S4J). A more indirect measure 
of oxidative stress is reduced glutathione concentration. 
Decreased glutathione concentrations in Parkinson's dis- 
ease substantia nigra have been found in four separate 
studies, Furthermore, reduced glutathione concentrations 
are found in patients with incidental Lewy bodies in the 
substantia nigra, which may be a presyrnptoraado phase 
of Parkinson's disease (55). An imrounohistochemical 
stniy showed increased 4-bydroxynonenal protein ad- 
ducts, a marker of lipid peroxidation, in Parkinson 5 a dis- 
ease substantia nigra neurons (56). 

Further evidence implicating oxidative damage in the 
pathogenesis of Parkinson's disease comes from studies 
of MPTP neurotoxicity. In bom humans and experimental 
animals, MPTP produces a Parkinsonian syndrome mat 
closely mimics findings mat occur in idiopathic Parkin- 
son's disease. The pathogenesis of the lesions involves 
mhibition of mitochondrial complex I by l-methyl-4- 
phenylpyridinium (MFP*), the active metabolite of 
MPTP. MPP* results in increased fire© radical generation 
m vivo, and the toxicity of MPTP is attenuated in mice 
overexpresaiag SOD (57). We- showed that 7-nirrouida- 
a»le, a relatively selective Inhibitor of the neuronal iso- 
enzyme of NOS, produces dose-dependent irrfubitbtt of 
MPTP neurotoxicity accompanied by reduced striatal con- 
centrations on-nitroayrosine (58). These results were re- 
cently confirmed and extended by showing that mice 
deficient in. neuronal NOS are partially resistant to MPTP 
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toxicity (59). Furthermore, 7-rutromdazole produced com- 
plete protection against MPTP neurotoxicity in baboons 
(60). These findings show that peroxynitrite plays a role 
in MPTP neurotoxicity and, by implication, in Parkin- 
son's disease. 

Oxidative Damage In Huntjnfl tofVa Digsass ? 
Substantial evidence for a defect in energy metabolism 
exists in Huntington's disease. A recent study showed 
an interaction between huatingtin, the protein encoded 
by the gene defect, and grycerald^de=3-phcsphflie de- 
hydrogenase (61). There appears to be an inhibition of 
the enzyme with increasing numbers of glut amine re- 
peats in the huntingtin protein, An increase in CAG re- 
peats encoding glutamics is known to be responsible for 
the disease. Impaired gryceraldehyo«-phosphate de- 
hydro geaease activity could Head to increased oxidative 
damage as a consequence of secondary excitotoxicity, 

There is a paucity of studied examining markers of oxi- 
dative damage in Huntington' a disease. We found in- 
creased nuclear 8-hyamxy-2-d^xyBrianosine concentra.- 
tons m the caudate nucleus and in mitochondrial DMA of 
frontal cortex (62). The most compelling evidence impli- 
cating oxidative stress in the pathogenesis of Huiitington's 
disease comes from animal studies. We showed that sys- 
temic acmirristration in bom rodents and primates of die 
succinate dehydrogenase inhibitor 3-nitroraxmwrrio acid 
produces selective striatal degeneration closely resem- 
bling Huntington's disease (63). These leBions are ac- 
companied by increased oxidativB damage as assessed 
by 2> and 2,5-DHBA/salicylate ratios, concentrations 
of 8^ydroxy-2-deoxyguar£OBme, and concentrations of 
3-nirrotyrosine (58), The lesions are attenuated in mice 
overexpressing SOD, as well as by free radical spin traps 
end by the neuronal NOS inhibitor 7-dtroindazole (58, 
64). Protection is accompanied by attenuation of the in- 
creases in markers of oxidative damage. 

Conclusions 

The evidence for a role of oxidative damage in neuro- 
degenerative diseases Is becorning Increasingly compel- 
ling. Improved biochemical methods- am being devel- 
oped tor examining oxidative damage in. brain tissue, 
and new methods are being developed for assessing ox- 
idative damage at a cellular level A strong case for a 
role of oxidative damage can now bo made in both spo- 
radic and familial ALS with SOD1 mutations. Evidence 
tor oxidative injury in the pathogenesis of other neuro- 
degenerative diseases is increasing rapidly. 

The critical issue in the assessment of oxidative injury 
in neurodegejieratrve diieases is whether it playo a caus- 
ative role or is merely a passive bystander. In animal 
studies, this can be ascertained by therapeutic Interven- 
tions. We found that free radical spin traps are effective 
in attenuating neuronal injury produced by both MPTP, 
a model of Parkinson's disease, and by 3-mtropropionic 
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acid or malonate, which model Huntington' b diseaas. 
Furthermore, neuronal NOS inhibitors sue very effective 
in both these models. Coenzyme QIO, a tree radical 
scavenger as well as an enhancer of mitochondrial func- 
tion, has neuroprotective effects against h£PTp, malon- 
ate, and the transgenic mouse model of AJLS (58, 64), 
Vitamin E produced clinical improvement in transgenic 
ALS mice but did not alter survival (65). 

Whether these observations win translate into useful 
therapies for human neurodegenerative diseases is un- 
known. The development of new, improved antioxidants 
may hold great promise as a therapy that could slow or 
halt the progression of neiiro degenerative diseases. 
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The MAO-B inhibitor selegiline is used in the treatment of Parkinson's disease. Further, ^fictal 
^S^fSSL have also been described as well as neuroprotectxve effects, increased longevity 
tSSS^ of ^related cognitive decline in experiments using rats Our studies in mice and Syrian 
the question whether the effects of selegiline reported m the rat can be generalized to 
S s Age^ female NMRI-rnice (23 mo.) treated with selegiline (0.25 mg/kg, i p., 3 tunes a week for 
SEE showed no treatment effect in the Morris water maze and in passive avoitlance leannngj after 2 * 
Ss of treatment However, Syrian hamsters chronically treated with selegiline (0.05 mg/kg/day in th« 
S£?iS old) Sowed a 3 month delay in the age-related decline of spontaneous altera 
SvinS^Tlong^im memory, compared to untreated controls. Since treated hamsters ate 
^ S^StoLgcvily (study still in progress) the data suggest a protective effect of a chronic treatm 
with selegiline against age-related cognitive and physical decline. 
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